Objective: The aim of this study was to evaluate the results and complications of free vascularized fibular grafting (FVFG) Results: Mean bony union times for the proximal and distal fibula were 19 (range: 16 to 24) weeks and 20 (range: 16 to 28) weeks, respectively. Proximal nonunion was detected in three patients. Mean external fixation removal time was 6.3 (range: 3 to 14) months. Stress fractures occurred in 15 patients following fixator removal. Malalignment of over 5 degrees was detected in 7 patients and shortness over 2 cm was detected in 4 patients. SF-36 scores were significantly lower in the domains of physical functioning, role limitation due to physical problems, bodily pain, general perception of health, social function, and role limitation due to emotional problems. Mental health, energy and vitality were similar to the healthy reference group. Conclusion: Free vascularized fibular grafting appears to be a reliable and effective method for reconstructing bone defects and soft tissue defects in a single session in open tibia fractures.
Gustilo Type 3B and 3C open fractures resulting from high-energy, lower extremity trauma are usually associated with large bone and soft tissue defects; and treatment of these fractures by simple methods results in failure. [1] [2] [3] [4] Since the first successful use of a free vascularized fibular grafting (FVFG) for tibial defects by Taylor et al. in 1975 , this technique has become standard procedure. [5] FVFG is an effective method of treating bone defects of more than 6 cm following Type 3 open tibial fractures. The advantages of FVFG include the potential for hypertrophy by loading, shorter duration of external fixation compared to bone transport techniques and simultaneous soft tissue coverage whereas its disadvantages are the need for microsurgery, donor site complications and possibility of stress fractures. [6] [7] [8] [9] The aim of this study was to investigate the outcome and complications of FVFG reconstruction of (Fig. 1 ). One patient with late presentation had osteomyelitis and 5 had infected nonunions. The patient presenting with osteomyelitis underwent one-stage FVFG, whereas the other patients underwent debridement during the first session and FVFG during the second. During the operation, a graft 3 cm longer than the defect was taken and placed into the tibial defect. The tibia was divided into three sections in the AP and lateral views. Seven patients had bone defects of the proximal tibia, 6 of the middle tibia and 8 of the distal tibia. The average length of segmental bone defects was 10 (range: 6 to 18) cm. An external fixator was used for fixation in all patients and was performed using 3.5-mm cortical screws proximally in 13 patients and distally in 10 patients. Areas, in which screw fixation was not performed, were placed in the tibial medullary canal.
Six patients underwent repair of the posterior tibial artery. Saphenous vein grafting was performed in three patients, two of which underwent a flow-through of the flap artery to posterior tibial artery ( Fig. 1) and one end-to-end anastomosis. Four patients underwent sural nerve grafting and 7 patients additional free flap procedure. Free flaps were performed for revascularization by flow-through of the saphenous venous flap to the posterior tibial artery in one patient, for necrosis of the fibula skin in 2 patients and for widespread soft tissue damage in 4 ( Table 1) . Anastomoses were performed end-to-end on the tibialis anterior in 3 patients, end-to-side on the tibialis posterior in 2 and end-to-end on the pedicle medial gastrocnemius in one. After the FVFG procedure, a thermoplastic brace was applied to patients in the walking position to prevent equinus deformity and controlled knee and ankle movements were initiated. After fixator removal patients were followed up with braces during hypertrophy of the fibula.
Eighteen patients completing the final follow-up were evaluated at the end of a 74-month (range: 18 to 216 months) follow-up period. The time to union of the fibula was evaluated on radiographs taken on a monthly basis, with the exception of one patient discontinued follow-up at the third month. At the final follow-up examination, range of movement of the knee and ankle joints were measured and radiographs of both the treated and untreated leg were taken. Length and alignment discrepancies between the two legs were measured and compared on the radiographs. The SF-36 was used to evaluate the quality of life of patients. [10] [11] [12] This scale is composed of 36 items measuring 8 health related domains, including physical functioning (PF), role limitations due to physical problems (RP), pain (P), general health perception (GHP), mental health (MH), role limitations due to emotional problems (RE), vitality (V), and social functioning (SF). Each item is scored from 0 to 100, with higher scores representing better self-reported health. The data obtained were compared with mean and standard deviation scores for the Turkish population.
Statistical analysis was performed using SPSS 18 software and the comparison of means and standard deviations was used to interpret group data and standards of the general population. A p value of less than 0.05 was considered statistically significant.
Results
A minimum of 18 months of radiological examination was available for all patients with the exception of one. Eighteen patients that attended the final follow-up were evaluated at a mean of 74 (range: 18 to 216) months. The mean bone defect was 10 (range: 6 to 18) cm and the mean length of FVFG was 14 (range: 9 to 20) cm. The dimensions of the skin flap taken with the fibular graft ranged from 3x7 cm to 14x22 cm. Six patients had circulation problems on the skin of the fibula and all of them underwent emergency exploration; anastomoses were renewed due to venous thrombosis in 4 patients and vasospasm in one with no subsequent complication. Vessel patency was normal in the remaining one patient. Two patients had complete and one patient had partial skin necrosis. Latissimus dorsi free tissue transfer was performed in patients with complete necrosis. One of these patients discontinued follow-up at the 3rd month, following resolution of the soft tissue problems.
Fracture union was assessed in both the proximal and distal segments of the fibula. The mean duration of union for the proximal and distal fibula was 19 (range: 16 to 24) weeks and 20 (range: 16 to 28) weeks, respectively. The mean time to fixator removal was 6.3 (range: 3 to 14) months. Three patients had nonunion at the proximal fibular graft. After skin grafting at months 8, 11 and 12, bone union was achieved at months 14, 15 and 20. Stress fracture was detected in 15 patients following fixator removal. All patients developing stress fractures were followed up with bracing or casting. Bone union was achieved through casting in 13 patients. An external fixator was applied to 2 patients due deformity developed during the follow-up period.
Range of movement of the knee and ankle joints was significantly decreased compared to the untreated Table 2) . Four of 18 patients had limb shortness of over 2 cm with a maximum limb shortness of 3.5 cm. Seven patients had malalignment of greater than 5 degrees. Malalignment was in the valgus direction in 5 patients and the varus direction in 2. The most common late complication was stress fracture, followed by malalignment and other complications. The management of complications is described in Table 1 . Following treatment, 6 patients returned to their previous jobs, 7 patients changed jobs and 3 were obliged to retire because of the injury. Two housewives continued their daily activities without hindrance.
The SF-36 scores for PF, RP, P, GHP, SF, and RE were statistically significantly lower than the mean score for the general population. There were no significant differences in MH and V values (Table 3) .
Discussion
The treatment of bone and soft tissue defects following Gustilo Type 3 open fractures is challenging. One technique employed is limb lengthening after acute shortening using an external fixator, and complications can be resolved by microsurgery. [13, 14] With improvements in microsurgical techniques, a variety of free tissue transfers are available today; in injuries with combined bone and soft tissue defects, vascularized fibular flap is a good option for the reconstruction of both defects. [4, 6, 15] FVFG offers certain advantages for bone repair as it involves viable bone tissue due to blood flow and, unlike avascular grafts, does not require a revascularization process. Thus, FVFG is more resistant to mechanical loading and can comply with the mechanical properties of the area it is applied to by developing graft hypertrophy. [16, 17] Long-segment bone defects in which avascular grafting techniques failed are the indication for vascularized bone grafting. In addition to primary soft tissue reconstruction with latissimus dorsi flaps followed by vascularized bone grafting, bone and soft tissue defects in open tibial fractures can be restored using vascularized fibular grafting in one session. With its artery supplying the bone, vascularized fibular grafts enable the transfer of viable bone cells, achieve faster bone union compared to avascular grafts and can be performed in the presence of chronic infection. [8, 18, 19] Previous studies on FVFG patients have reported union times of 3 to 7 months and union rates of union 75% and 100%. [6, 9, 20, 21] In our series, the time to union was 5 months. After FVFG, 17 of 20 patients achieved union and 3 patients required additional procedure due to proximal nonunion.
Stress fractures following fibular graft harvesting are a common complication and have been reported to occur in 7% to 35% of cases. [9, 20, 22, 23] less common in double-barrel fibular grafts and were observed in 35% of tibias in a series by Boer and Wood [22] and in 33% of a 46 patient series by Lee and Park. [20] Stress fractures were observed in 15 (75%) of 20 patients with follow-up data in our series. The majority of stress fractures occur during the first year and are attributed to insufficient use of assistive devices, such as braces and crutches during hypertrophy of the fibula following external fixator removal. In addition, alignment of the anatomic fibular graft, stability of the recipient site or fixation of the fracture and posterior cortex continuity of the tibia all reduce the load on the fibular graft and decrease the rate of fracture. [20] Flap necrosis may be caused by deep infection or venous thrombosis. Arterial and venous anastomotic sites at the site of injury increase the risk of thrombosis. However, when the anastomosed vessels do not function properly, diffuse osteomyelitis or resorption in the fibular graft can occur. Therefore, infected or avascular fibular grafts should be removed from the body during the early period in order to prevent an increase in patient morbidity. [24] In this study, two patients had complete and one patient had partial skin necrosis. Two patients with complete skin necrosis underwent free latissimus dorsi flap coverage after excision of necrotic tissues. One patient discontinued follow-up and the other patient had no complaint of nonunion.
In these types of injuries, the success of treatment modalities is evaluated by the long-term effects on daily activities and quality of life. There are few studies addressing quality of life for this type of complex injury. [25, 26] Although our patients' physical and social function, emotional status and pain level were significantly lower than the standards of the general population, which is consistent with the literature, there were no significant differences in mental health and vitality. It is possible that the absence of a significant difference in vitality can be attributed to the patients' effort to pretend to be better than in reality.
In conclusion, FVFG appears to be an effective technique for the treatment of large bone defects combined with soft tissue defects following Type 3 open tibial fractures, due to its ability to manage both problems in one session. However, a high rate of complications is observed. High-energy traumas have negative effects on the quality of life of patients despite the preservation of the extremity.
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